Abstract. Simultaneous pancreas-kidney transplant (SPK) is now a common treatment for insulin-dependent diabetic patients with end-stage renal disease. Renal graft survival rates after SPK have been less well studied. This study compared the kidney survival results for 3642 SPK and 2374 cadaveric renal transplants (CRT) in type I diabetic patients at 112 US transplant centers reported to UNOS during 1994 through 1997. The analysis included follow-up information through September 2000. The kidney graft survival rates were significantly lower among recipients of CRT compared with SPK recipients (P Ͻ 0.001). Patients who received SPK were younger, less often sensitized, transplanted after shorter periods on dialysis, and less often black. The donors of SPK organs were younger, more often died from head trauma, were less often female, and more often black. SPK renal grafts were transplanted with a shorter cold ischemia time to more poorly HLA-matched recipients. After adjustment of these and other factors, whether a patient was recipient of CRT or SPK was not associated with increased risk of kidney graft failure or patient death. SPK recipients experienced half the rate of delayed kidney function (11% versus 23%) but nearly double the rate of rejections during the initial hospitalization (15% versus 9%) compared with CRT recipients. SPK was associated with better renal allograft survival compared with CRT, despite a higher rate of renal allograft rejection. This observation was explained by favorable donor and recipient factors in the SPK group. After controlling for these factors, SPK provided no protective or detrimental effect on short-term renal allograft or patient survival. bunnapradist@cshs.org
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For insulin-dependent diabetes mellitus (IDDM) patients with ESRD, the options for renal replacement therapy include dialysis, a kidney transplant (cadaveric or living donor), or a simultaneous pancreas-kidney transplant (SPK) (1, 2) . Since 1995, more than half of IDDM patients who receive a kidney transplant receive a pancreas at the same time (3). SPK transplantation before age 50 has been associated with a long-term improvement in patient survival compared with CRT (4). Graft survival rates for SPK transplants are generally superior to those for kidney transplants in diabetic patients (3,5) despite a higher incidence of treated rejection episodes (6) . In this study, we performed a retrospective analysis to compare the renal graft outcome in IDDM patients with ESRD who underwent SPK or cadaveric kidney transplantation alone (CRT). We used the United Network for Organ Sharing (UNOS) renal registry database. We also performed a multivariate analysis to assess factors responsible for any differences in outcome.
Materials and Methods
Graft and patient survival rates were calculated for 3642 type I diabetic patients who received SPK transplants and 2374 type I diabetic patients who received CRT at 112 US transplant centers between January 1994 and December 1997 based on data reported to UNOS. The analyses included follow-up information received through September 2000.
Renal allograft survival rates were estimated by the product-limit method. For graft survival analyses, patient deaths were counted as graft losses regardless of the functional status of the graft at the time of death. For patient survival, patients were followed until death or graft loss. To compare continuous variables, the Wilcoxon rank-sum test was used for comparing two groups. The 2 test was used to compare categorical variables. The log-rank test was used to compare entire survival curves. Ten variables that influenced either graft failure or patient death in the univariate analyses were included in a multivariate Cox regression analysis (Table 4) . Missing values were imputed with modal values for categorical variables and mean values for continuous variables. In addition, continuous variables such as age, cold ischemia time, duration of dialysis, and percent peak value of panel reactive antibodies were cate-gorized, because their effects on the hazard function were nonlinear. All reported P values were two-tailed.
Results
The characteristics of the recipients and the donors are shown in Table 1 . When compared with patients who received CRT, patients who received SPK transplants were significantly younger, had lower levels of preformed anti-HLA antibodies, were less likely to have been previously transplanted, and were more likely to have private insurance. The donors of SPK organs were significantly younger, less likely to be female, more likely to be African American, and more likely to have died from trauma death than donors for recipients of a kidney alone. SPK grafts were transplanted with a significantly shorter cold ischemia time and had more HLA-A, -B, -DR antigens mismatched than kidneys without a pancreas.
The early outcome of transplantation in the two recipient groups is shown in Table 2 . Anuria occurred on the first day in 4% of SPK grafts compared with 11% of grafts of the CRT group (P Ͻ 0.001). Eleven percent of the SPK recipients required dialysis during the first week after transplantation compared with 23% of the recipients who received CRT. The poorest kidney function among CRT transplant recipients was reflected by significantly higher serum creatinine concentrations at the time of discharge compared with that of SPK transplant recipients (P Ͻ 0.001). However, SPK transplant recipients received more anti-rejection treatment (P Ͻ 0.001) and stayed longer in hospital (P Ͻ 0.001) than CRT recipients. The graft and patient survival rates of CRT kidneys were significantly lower than those of the SPK kidneys (P Ͻ 0.001; Figure 1 ). To determine whether this difference was due to differences in donor/recipient selection or was due to simultaneous transplantation of the pancreas, we performed a multivariate analysis. Table 3 shows the list of potential confounding variables in the study of graft survival analysis, which were utilized in the multivariate Cox regression analysis.
Multivariate regression analysis of ten potential risk factors showed that, after adjustment of the remaining factors, whether a patient was recipient of a CRT or an SPK was not significantly associated with the risk of kidney graft failure or patient death (Table 4 ). This suggests that SPK transplants did not have any significant advantage on kidney graft or patient survival, compared with CRT transplants. To confirm the absence of an advantage of SPK over CRT transplants, kidney graft survival curves for low-risk donor/patient pairs (recipient age Յ40 yr; donor age Յ35 yr) are shown in Figure 2 . There was no significant advantage for low-risk SPK compared with low-risk CRT (P ϭ 0.12) for graft or patient survival.
Discussion
Our study demonstrated superior renal allograft outcome in SPK recipients compared with diabetic CRT recipients. However, after adjusting for donor and recipient demographic differences in a multivariate analysis, we found that only the age of the recipient and donor remained as significant factors that affected graft and patient survival rates (7). The recipient race, prior failed transplants, the time spent waiting on dialysis, the cold ischemia time, the retransplant rate, and HLA mismatch, all of which are known to affect the outcome of cadaver kidney transplants in general (8) (9) (10) (11) had no significant effect on graft and patient survival rates among diabetic patients included in this study. Although the incidence of rejection treatment before discharge was higher among SPK (15% versus 9%) than CRT recipients, the difference may be due in part to the longer hospitalization noted for SPK recipients. Despite the higher reported incidence of early acute rejection, graft survival was higher among SPK recipients. Even among low-risk patients (under age 41 yr) who were transplanted from donors under age 36 yr, there was no significant difference in graft of patient and graft survival associated with the type of transplant. Thus, young diabetic recipients of optimal donor kidneys generally have good posttransplant graft survival regardless of whether or not they also receive a pancreas transplant.
Our results should be interpreted with some caution. We considered only patients transplanted after 1994 to reflect outcomes using current practices (12, 13) . Nevertheless, fewer than half of US kidney transplant centers perform SPK for type 1 diabetic patients with ESRD. To reduce the influence of center effects, we evaluated data only from centers that offer both procedures. Among the centers providing both options, 60% of type I diabetic patients received SPK versus 40% for CRT. This observation suggests that there is likely to be some referral bias because some patients are obviously referred just for consideration of SPK. Most transplant centers have more strict criteria for SPK compared with CRT, including comorbid (14) . Different referral patterns and selection bias may contribute to the poorest outcome in the CRT group. We did not compare live donor kidney transplant outcome, a viable treatment for diabetic patients with ESRD. Our study did not examine the effects of different immunosuppressive protocols on graft survival (15, 16) . We controlled for center effects; therefore, we felt that variations in transplant management were unlikely to be relevant to our analysis. Finally, other factors that were not considered in this study are also important in assessing solid organ transplant outcome, patient survival, cost, quality of life, and morbidity from cardiovascular and peripheral vascular diseases (4, 17, 18) .
In summary, SPK transplantation was associated with better short-term renal allograft and patient survival compared with CRT, despite an apparently higher rate of renal allograft rejection. The superior survival results were due to more favorable donor and recipient factors, in particular the younger age of patients and donors in the SPK group. After controlling for the effects of these confounding factors, SPK provided no protective or detrimental effect on renal allograft outcome. In a low-risk group, comprising younger recipients of younger donor allografts, we observed no differences in kidney graft survival between SPK and CRT. Thus, donor and recipient factors, rather than pancreas transplant itself appear to account for the reported improved kidney survival in SPK recipients.
